Abstract. In the present paper a Delayed Detached-Eddy Simulation (DDES) based on the strain-adaptive linear Spalart-Allmaras (SALSA) model is performed in order to investigate the transonic flow over the OAT15A supercritical airfoil within the buffet regime. The results are compared with 2D and 3D-URANS computations using the SALSA model, as well as with experimental data. This study shows improvements achieved in the prediction of the flow unsteadiness and statistics by means of the DDES.
Introduction
In the transonic flow around an airfoil, specific combinations of the Mach number with the angle of attack may engender a large-amplitude periodic motion of the shock-wave known as transonic buffet. The phenomenon occurs from the amplification of a global instability and is self-sustained by a complex interaction between the shock-wave and the boundary layer influenced by the von Kàrmàn instability in the near wake as shown by Bouhadji and Braza [1] and Bourdet et al [2] . In a fluidstructure scenario, this low-frequency aerodynamic instability can rapidly lead to structural vibrations (buffeting). In the case of wings, the phenomenon usually appears on the suction side creating high variations of the aerodynamic loads in flight conditions that can be close to the cruising regime of the aircraft. Therefore, the accurate prediction of the onset of the buffet is of great interest for aeronautical design. A review of the most significant studies concerning the transonic buffet over Lee [7] . In addition to the physical analysis of the instability for circular-arc airfoils first studied by Levy [8] and Marvin et al [9] , the author proposes a possible mechanism for the self-sustained shock oscillations over supercritical airfoils. According to Lee, downstream propagating waves created at the foot of the shock reach the trailing edge and generate new upstream moving waves which interact with the shock, providing the energy needed to sustain the buffet mode. Jacquin et al [5] studied the transonic buffet over a 12.3%-thick supercritical airfoil, the OAT15A. The experiments were performed in a transonic wind-tunnel at the ONERA-Meudon centre, France. The tunnel had a square test section of 0.78 × 0.78 m 2 with adaptive upper and lower walls to account for the displacement created by the boundary layers. The model had a chord of 0.23 m and a thick trailing edge of 5×10 −3 c, giving an aspect ratio of 3.4. Transition was fixed on both upper and lower surfaces at a distance x/c = 0.07 from the leading edge using carborundum strips. The freestream Mach and Reynolds numbers were 0.73 and 3 × 10 6 , respectively, with stagnation conditions of 300 K and 10 5 Pa. By means of flow visualization techniques and spectral analysis, the authors showed that the transonic buffet is essentially two-dimensional although some three-dimensional patterns were reported. Moreover, they detected the buffet onset at the angle of attack of 3.1 • , with the largescale movement of the shock-wave appearing only for 3.5 • . This incidence was then chosen for detailed flow field measurements using Laser Doppler Velocimetry, static pressure orifices and unsteady pressure transducers distributed over the model.
The shock-wave/boundary layer interaction in unsteady flows is a great challenge for turbulence modelling. In the OAT15A case, the prediction of the shock motion at the experimental angle of attack is a particularly arduous task. At this condition, the turbulence model should be sensitive enough to permit the shock-induced separation to extend up to the trailing edge and then reattach the boundary layer in a cyclic way, coupled with the shock-wave oscillation. In previous studies, Thiery and Coustols [14] compared different RANS models and investigated the influence of the test section walls on the flow. Using a two-dimensional approach, they found that the original Spalart-Allmaras [12] (SA) model led to steady state at the experimental angle of attack. However, by accounting for the effects of the upper and lower walls, the same model became able to reproduce the unsteadiness. Using the k-ω Shear Stress Transport model of Menter [10] (SST), the simulations were successful in predicting the shock motion for both the free air and the confined 2D configurations. By a 3D approach in which the sidewalls were also simulated, the mean and RMS pressure distributions over the airfoil obtained with the SST were in good agreement with the experiments. In all simulations the computed frequencies were close to the experimental value, ranging from 71 to 78 Hz and decreasing by 3 Hz when the upper and lower walls were considered. Their study concluded that the modelling of the wind tunnel walls should not be determinant for the evaluation of the capability of a turbulence model in predicting the shock-wave motion in the OAT15A case.
A zonal detached-eddy simulation (zonal-DES) of the OAT15A was performed by S. Deck [3] as one of the few applications of hybrid RANS-LES methods to flows presenting thin-layer separation. The zonal approach has user-defined RANS and
